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(54) Process for producing bimodal ethylene polymers in tandem reactors 

(57) A process is provided for producing a bimodal 
ethylene polymer blend comprising contacting in a first 
gas phase, fluidized bed reaction zone under polymeri- 
zation conditions, a gaseous monomeric composition 
comprising a major proportion of ethylene and, option- 
ally, hydrogen, with a Ziegler-Natta catalyst, the hydro- 
gen/ethylene molar ratio (H 2 /C 2 ratio) being no higher 
than about 0.3 and the ethylene partial pressure being 
no higher than about 100 psia, to produce a relatively 
high molecular weight (HMW) polymer associated with 
catalyst particles, transferring the HMW polymer associ- 
ated with catalyst particles to a second gas phase, fluid- 
ized bed reaction zone into which is also fed hydrogen 
and a gaseous monomeric composition comprising a 
major proportion of ethylene, under polymerization con- 
ditions including an H 2 /C 2 ratio of at least about 0.9 and 
at least about 8.0 times that in the first reaction zone, 
and an ethylene partial pressure of at least 1.7 times 
that in said first reaction zone, to produce a low molec- 
ular weight (LMW) polymer deposited on and within the 
voids of the HMW polymer/catalyst particles, the result- 
ing bimodal polymer blend obtained from the second 
reaction zone having a fraction of HMW polymer of at 
least about 0.35. 
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Description 

The invention relates to a process for producing bimodal ethylene polymer compositions comprising a mixture of 
relatively high and low molecular weight polymers by gas-phase, fluidized bed polymerization in tandem reactors. 

5 In accordance with this invention, bimodal ethylene polymer blends having a desirable combination of processabil- 

ity and mechanical properties are produced by a process including the steps of polymerizing gaseous monomeric com- 
positions comprising a major proportion of ethylene in at least two gas phase, fluidized bed reactors operating in the 
tandem mode under the following conditions. In the first reactor, a gas comprising monomeric composition and. option- 
ally, a small amount of hydrogen, is contacted under polymerization conditions with a Ziegler-Natta or coordination cat- 

io alyst comprising a transition metal compound as primary catalyst component and a reducing agent such as an 
organometallic compound or metal hydride as cocatalyst. at a hydrogen/ethylene molar ratio of no higher than about 
0.3 and an ethylene partial pressure no higher than about 100 psia such as to produce a relatively high molecular 
weight (HMW) polymer powder wherein the polymer is deposited on the catalyst particles. The HMW polymer powder 
containing the catalyst is then transferred to a second reactor with, optionally, additional cocatalyst which may be the 

is same or different from the cocatalyst utilized in the first reactor but with no additional transition metal catalyst compo- 
nent, together with a gaseous mixture comprising hydrogen and monomeric composition wherein additional polymeri- 
zation is carried out at a hydrogen/ethylene molar ratio of at least about 0.9. the ratio being sufficiently high such that it 
is at least about 8.0 times that in the first reactor, and an ethylene partial pressure at least 1 .7 times that in the first reac- 
tor, to produce a relatively low molecular weight (LMW) polymer much of which is deposited on and within the HMW 

20 polymer/catalyst particles from the first reactor, such that the fraction of HMW polymer in the bimodal polymer leaving 
the second reactor is at least about 0.35. 

The foregoing conditions provide for a process wherein the production of fines tending to foul compressors and 
other equipment is kept to a relatively low level. Moreover, such conditions provide for an inhibited level of productivity 
in the first reactor with a resulting increased level of productivity in the second reactor to produce a bimodal polymer 

25 blend having a favorable melt flow ratio (MFR. an indication of molecular weight distribution) and a high degree of homo- 
geneity (indicated by low level of gels and low heterogeneity index) caused by a substantial degree of blending of HMW 
and LMW polymer in each final polymer particle inherently resulting from the process operation. The bimodal blend is 
capable of being processed without undue difficulty into films and containers for household industrial chemicals having 
a superior combination of mechanical properties. 

30 The drawing is a schematic diagram of a process illustrating the invention. 

The gaseous monomer entering both reactors may consist wholly of ethylene or may comprise a preponderance of 
ethylene and a minor amount of a comonomer such as a 1 -olef in containing 3 to about 10 carbon atoms. Comonomeric 
1 -olefins which may be employed are. for example, 1-butene. 1-pentene. 1-hexene. 4-methyl-1-pentene. 1-octene. 1- 
decene. and mixtures thereof. The comonomer may be present in the monomeric compositions entering either or both 

35 reactions. 

In many cases, the monomer composition will not be the same in both reactors. For example, in making resin 
intended for high density film, it is preferred that the monomer entering the first reactor contain a minor amount of 
comonomer such as 1-hexene so that the HMW component of the bimodal product is a copolymer, whereas the mon- 
omer fed to the second reactor consists essentially of ethylene so that the LMW component of the product is substan- 

40 tially an ethylene homopolymer. When a comonomer is employed the molar ratio of comonomer to ethylene may be 
from 0.005 to 0.7. preferably from 0.04 to 0.6. 

Hydrogen may or may not be used to modulate the molecular weight of the HMW polymer made in the first reactor. 
Thus, hydrogen may be fed to the first reactor such that the molar ratio of hydrogen to ethylene (H 2 /C 2 ratio) is. for 
example, up to about 0.3, preferably from 0.005 to 0.2. In the second reactor it is necessary to produce a LMW polymer 

45 with a low enough molecular weight and in sufficient quantity so as to produce a bimodal resin which can be formed, 
with a minimum of processing difficulties, into end use products such as films and containers for household industrial 
chemicals having a superior combination of mechanical properties. For this purpose, hydrogen is fed to the second 
reactor with the ethylene containing monomer such that the hydrogen to ethylene mole ratio in the gas phase is at least 
about 0.9. preferably from 0.9 to 5.0 and most preferably from 1 .0 to 3.5. Moreover, to provide a sufficient difference 

so between the molecular weights of the polymers in the first and second reactor so as to obtain a bimodal resin product 
having a wide enough molecular weight distribution necessary for the desired levels of processability and mechanical 
properties, the hydrogen to ethylene mole ratios in the two reactors should be such that the ratio in the second reactor 
is at least about 8.0 times the ratio in the first reactor, for example from 8.0 to 10,000 times such ratio, and preferably 
1 0 to 200 times the ratio in the first reactor. 

55 Utilizing the hydrogen to ethylene ratios set out previously to obtain the desired molecular weights of the HMW and 
LMW polymers produced in the first and second reactors respectively tends to result in relatively high polymer produc- 
tivity in the first reactor and relatively low productivity in the second reactor. This tends to result in turn in a bimodal pol- 
ymer product containing too little&MW polymer to maintain satisfactory processability. A significant part of this invention 
lies in the discovery that this effect can be largely overcome by employing ethylene partial pressures in the two reactors 
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pressure in the second reactor is. for example from 25 to i?n rZ^oT }^, J } d ,he ethy,ene partial 

The polymer product in th 1^ reaZ Z Ti^ZT T ° Ca,3,ySt m3,3,S in the resin product - 

D-1238. Condition F) fo examole from 0 os T-i HZ t V °' 21 ' 3t 19 °' C in accord ^e with ASTM 

0.960. preferably ul oZ ^TdoT^ " " * " 9ramS/1 ° B * t 8 denSity ,r0m ° 890 *> 

0.976. preferably from 0 930 to 0 976 orarWrr S!l Qrams/10 mm. and a density from 0.890 to 

using steady state process dl ^ b3S6d ° n 3 sin9 ' e reactor P roc ^ model 
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0-35^^^ raa ST ^ 3 W6i9ht fraCti0n °' HMW p0,y ™ " * about 

100 grams/10 min! a ^^'^^SSS^i^ ° ' W " ft0m 3 ,0 20 °' pre,er3b,y from 6 to 
from 80 to 150. a density from 0 8 ? pS^ f^m 0 9" « " £" * "? W "° J? 6 ° * ^ 
to 1270. preferably from 380 to 1 100 mi,™ *Z - 7 °' S60, 30 average part,cle size < APS ) ,r ° m 127 

screen, 5 ZZSin^fJZ ZTc^'oTr^ T 35 Par,iC ' eS Wh ' Ch P3SS ,hrOU9h a 120 mesh 

it has been found that a very ^XS^SS^T 2" Wi,h r693rd to ,ines content - 

fines changes very litBe a^ThiT^ 1^ ^ (HMW) re3C,0r and ,hat ,he rentage of 

duced when the first or on^Teaclor nToas S« e ^JtZT* ^ 3 re,3tive,y ,3r9e amount of ^ «V 
weight (LMW) polyme as definS herd A^oSnL f T *" * ^ * pr0dUCe 3 rela,ive| y ,ow m ° ,a ^ a r 
LMWpo.yme f*m« n lt ^7 e ^Z^ exp,3 " a,,on ,or ,his is tha « * the process of this invention, the 

produced in the iSSSST ^SS^fc^SKSK ^ °' ,he HMW P ° lymer par « c,as 

si^SBD) across the second rea^w^^^^ 

B^^^^l^ l !Zl!^T^T St3biiized 3nd c ° m P°^ with two passes on a 
200. preferably aiuTe to 00 £SZ£ m"n a S£ ^ T "° W h ,he r3n96 ' for eX3mp,e ' of *«* 3 *> 
about 80 to 150. and a ^^J^^^X ??,T* ** * ab0Ul 60 to 25 °' P ' e,erab,y 
example of about 1 .0 to 1 5 p^eferablv aboul l o .n 2, w ? 1* 9ranU ' 3r ,0 fhe pe " e,ed resin > in the ran 9 e ,or 
of the granular resin * 1 0 10 1 3 - Hl '"d'cates the relative degree of inter-particle heterogeneity 

reducing agent aTcocatelyst ZSlfm«iIZ?Tr C ° mP ° Und 3$ Primary C3ta,ySt COmponent a 9 ent ' and a 
for example m^^oS^^^^ " 3 ^ hydride ' ^ ,r3nsi,ion melal m ^ be ^ 

haiide such as ••far^lSSS^^^,^ 2irt^2f2 ^ J^^r"^ ^ '° rm °' 3 

iwiioriae. wnne tne metal of the organometallic compound or metal hydride 
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may be selected from those in Groups la. Ha or Ilia of the Periodic Table, and is preferably aluminum in the form of a 
hydrocarbyl aluminum such as an alkyl aluminum halide or an aluminum tnalkyl. 

A preferred group of Ziegler-Natta catalysts contemplated for use in the process of this invention.are those m iwhich 
the transition metal compound is dissolved with at least one inorganic halide of a metal from Groups lla lla or the first 
ransition series other than copper of the Periodic Table, e.g.. a magnesium halide such as magnes.um chlor.de .n a sol- 
vent S eSon d'onor properties, e.g.. containing carbon-oxygen or carbon-nitrogen bends. The resul ng complex 
may then be utilized with an organometa.lic compound or metal hydride cocatalyst as is in the po.ymenzat.on , process^ 
Mvantageously. however, these catalysts are supported on an inorganic porous carrier such as a s,.,con 
ZJL ox'ide. The supported catalyst may be prepared by impregnating the earner transom ™al^ 
before combining it with the organometallic or metal hydride cocatalyst. .ns.de or outs.de the reactor to form the f.nal 

supported catalyst. 

One suitable class of catalysts of the foregoing category comprises: 

(i) a catalyst precursor complex or mixture of complexes consisting essentially of magnesium, titanium, a halogen, 
and an electron donor; and 

(ii) at least one hydrocarbyl aluminum cocatalyst. 

The titanium based complex or mixture of complexes is exemplified by an empirical ,ormu '^^ T h ,(OR)b ^ ( ^ D ^ 
wherdn R Is an aliphatic a aromatic hydrocarbon radical having 1 to 14 carbon atoms or WR«JJ» R ■ an 
aliphatic or aromatic hydrocarbon radical having 1 to 14 carbon atoms; each OR group .s alike or *enU ^ 
or I or mixtures thereof. ED is an e.ectron donor, which is a liquid Lewis base ,n wh,ch the precursors .of _the trtan.um 
ha^Pd comDlex are soluble- a is 0.5 to 56; b is 0,1 . or 2; c is 1 to 1 16. particularly 2 to 1 16; and d is 2 to 85. 

SS^I. which can be used in the above preparations, has the formula Ti(0R) a X b where.n R and 
X ari as ddined for component (i) above; a is 0. 1 or 2; b is 1 to 4; and a + b is 3 or 4. Suitable compounds are TiCI 3 . 
TiCU Ti(OC 6 H 5 )CI 3 . Ti(OCOCH 3 )CI 3 and Ti(0C0C 6 H 5 )CI 3 . 

The magnesium compound has the formula MgX 2 wherein X is as defined for component (,) above. Suitable ^exam- 
ples are MgCI 2 . MgBr 2 . and Mgl 2 . Anhydrous MgCI 2 is a preferred compound. About 0.5 to 56, and preferably about 1 
to 1 0 moles of the magnesium compound are used per mole of titan.um compound. 

The electron dono'used in the catalyst composition is an organic compound, Iquri at temperatures n the, ange^ of 
about O'C to about 200°C. It is also known as a Lewis base. The titanium and magnes.um compounds are both soluble 

^ th B e eSon 0 do d nrs r can be selected from the group consisting of alky, esters of aliphatic and aromatic carboxylic ; 
aliohatto ketones aliphatic amines, aliphatic alcohols, alkyl and cycloalkyl ethers, and mixtures thereof, each electron 
donor nivtg 2 to 20 Son atoms. Among these electron donors, the preferred are alky, and cycloalkyl ethers having 
^o i bon atoms; dialkyl. diary., and a.karyl ketones having 3 to 20 carbon atoms; and alky a.koxy. and alkylalko^ 
esters oTalkyl and ary. carboxylic acids having 2 to 20 carbon atoms. The most preferred electron donor s tetrahydro- 
furan Other examples of suitable electron donors are methyl formate, ethyl acetate, butyl acetate, ethyl ether, d.oxan* 
di-n "pr^yl ether. Sbuty. ether, ethyl formate, methy. acetate, ethyl anisate. ethylene carbonate, tetrahydropyran, and 

^SSSSy- may, for example, have the formula AIR^H, wherein X' is C. or OR". R"anc j R" are saturated 
aliphatic hydrocarbon radicals having 1 to 14 carbon atoms and are al.ke or different; .s 0 to 1.5. g « or , and 
e I f + g - 3 Examples of suitable R, R\ FT, and R" radicals are: methyl, ethyl, propyl, .sopropyl. butyl, .sobuW tert- 
buly pentyl neopentyl. hexyl, 2-methy.pentyl, heptyl. octyl. isooctyl. 2-ethyhexyl. S.SKlimethylhexyl nonyl. .sodecy 
mdecjl dodecyl cyclohexyl. cycloheptyl. and cyclooctyl. Examples of suitable R and FV radicals are phenyl, phenyl, 
methytoypheny benzyl, tolyl. xylyl. naphthal. and methy. naphthyl. Some examples of useful cocata.ys are Mfa*- 
Suminum P Sxyaluminum" di-isobuty.aluminum, hydride, dihexy.aluminum hydride. dHsobutyl exy.alum.num, tri- 
methylaluminum. triethylaluminum. diethylaluminum chloride. AI 2 (C 2 H 5 ) 3 CI 3 , and W 0 ™^™.. ... t Q „ 
While it is not necessary to support the complex or catalyst precursors mentioned above, supported catalyst p^- 
cursors do provide superior performance and are preferred. Silica is the preferred support. Other su.table .norga^c 
oxde supports are aluminum phosphate, alumina, silica/alumina mixtures, silica pretreated w,th an organoa ummum 
compouTsuch as triethyaluminum. and silica modified with diethylzinc, such modifier being used .n a quantity sulf, 
deX react with the hydroxy, groups on the support which otherwise tend to react with and deact.vate part of the ta- 
niumTn he c^st, but not insufficient quantity to function as a cocatalyst. A typical support .s a so.,d. part.cu I. e 
material essential inert to the polymerization. It is used as a dry powder having an average part.de s.ze of about 10 
t7250 microns anc^ preferably abo J 30 to about 100 microns; a surface area of a. least about 3 square meters £ ^ram 
and preferably at lea'st about 50 square meters per gram; and a pore size of at least about 8 .Angstrom and pn«**y 
at least about 100 Angstroms. Generally, the amount of support used is that wh.ch w.ll prov.de about 0.01 to about 0.5, 
and preferably about 0.2 to about %35 mil.imole of transition metal per gram of support ^J^^^JSS 
tioned catalyst precursor into, for example, silica is accomplished by m.x.ng the complex and s.lica gel m the electron 
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donor solvent followed by solvent removal under reduced pressure and/or elevated temperature 

In most instances, it is preferred that the titanium/magnesium precursor not be combined with the hydrocarbvl alu 

ZZ S? T\ Pn ° r £ be ; nQ ,6d ,0 thS ,irSt reaC, ° r - but ,hat ,hese com P° ne * s ba *- to sXaSor^aSS and 
hat an add,t,onal quant.ty of the hydrocarbyl aluminum cocatalyst be fed to the second reactor in an amo^n sufficfenl 

to SSET^J ^ SeC ° nd reaCt0r H0Wever " in Some ^odiments of * P^s it Z be desS 
ST "r 0 ^^ oomp.ex with an amount of cocatalyst prior to feed ng'he comix to 
the f.rst reactor. When the .s done, it is nevertheless often advantageous to feed additional quantities of LcaTa^ o 
each reactor to maintain the level of activity of or fully activate the catalyst. The cocata.y S t"s wJ^^SfS o!- 
as a solution in an ,nert solvent such as isopentane. If the titanium/magnesium comp ex is £ S. y actt S w^h colt 
alys pr,or to being fed to the reactor, the cocatalyst used for the partial activation may be th? ame S3SSS^ Si 
££££ ° GaC, \ reaCt0r Preferred cocata ^ s *> r Partial activation of the titanium/magnesiun^ ^c^XpricTto 

tvn^^p fn^'f en - era " y r e,erred ' " may b6 advanta 9e°us in some systems to employ a catalyst of the foregoing 
mTnum c^Z^th XtT" ST bv M "* the titanium/magnesium complex, and the hydrocL^ alu 
m.num cocatalyst with ethylene under polymerization conditions, before the catalyst is fed to the first polymerization 

tem «f i r Snnn mPlar V an9e$ Pre,6rred fan9eS 01 mo,ar ratios of various components of the foregoing catalyst sys- 
tems utilizing titanium/magnesium complexes are as follows: caiaiysi sys 
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Catalyst Components 


Broad Exemplary Range 


Preferred Range 


1. 


Mg:Tl 


0.5:1 to 56:1 


1.5:1 to 5:1 


. 2. 


Mg:X 


0.005:1 to 28:1 


0.075:1 to 1:1 


3. 


Ti:X 


0.01:1 to0.5:1 


0.05:1 to 0.2:1 


4. 


Mg.ED 


0.005:1 to 28:1 


0.15:1 to 1.25:1 


5. 


Ti:ED 


0.01:1 to0.5:1 


0.1:1 to 0.25:1 


6. 


Cocatalyst used as Partial Activator:Ti 


0:1 to 50:1 


0:1 to 5:1 


7. 


Total Cocatalyst:Ti 


0.6:1 to 250:1 


11:1 to 105:1 


8. 


ED:AI 


0.05:1 to 25:1 


0.2:1 to 5:1 
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oration °J?32£2 < descr,b , ed . cata| y sts com P^ing a titanium/magnesium complex, and methods for their 

?5^J?£K2 lnHT mP ' m p U S - Patem N ° S - 3 - 989<881: 4 ' 124 ' 532 ' 4 ' 174 - 429; 4 ' 349 - 64 * 4 .379.759; 
I™ ak- jJJl . • I *■ ? nd Eur °P ean Paten < application Publication Nos. 0 012 148; 0 091 135- 0 120 503- and 0 

feference * d ' Sd ° SUreS * pub ' iCations "•***»» to are incorporated hereTn " 

r m ™ ef J yP l? Cat f yS< SUitab ' e f ° r the pr0Cess of invention are th °se utilizing a Ti/Mg complex prepared bv the 
Z Z ^SSS, i PreVi ° U f Y S ° M - P ° r0US ' in ° r9aniC Carrier " si,ica with ialkySmagnS w erl 
^^J^SS£ry*- I 0 **"" at ° mS> 6 ' 9 - dibu{ y ,ma 9nesium (DBM), titanium tetrachloride, and 
TtJSL rnr°l !? ^ u° r ' an 6,her0r ester such as eth y' benzoate . tetrahydrofuran. or n-butyl ether Such 
in SZ^t? " frL dr0Carbyl a ' UminUm COCala,yS, °' the * pe and in tbe man ™ descrtoXXS 
may be enhanc^ b u inn ! « f??*" PraC,idng ,he pr<XeSS 0f this inven,ion - The activi * °< «i cata.yst 

Snl S^nto S KSSSSS^ ^ * t^*'" (TIBA) and'by 

ouslyd^ToHd 0 !^ ? talyS,S ""^ ^ be USSd in the pr0CesS 0f this invenlion is P re P ar «i ^ treating a previ- 
Sn L *t« 1 ? 9 °' P ° r0US Carr ' er con,ainin 3 OH groups, e.g.. silica, with a liquid, e.g tetrahydrofuran con- 
^nn J ^ ^ ma9nesium ' e -9' ethylmagnesium ch.oride. evaporating liquid from the so- eJ S ^SeaZ 

compr n ;: q p T^^^^^ surface ' r contac,in9 ,hs ^ w^ . «j^s^zs 

o°mS U , ro J 9 '" etravalent t,tan,um impound such as titanium tetrachloride, to form a transition metal/Mg complex 

°oZT P K 6XeS ° n <he SUrf3Ce °' ,h6 Carrier - The «" ri * ^ be ini « a «y dried in the presence oTaS o^Sn" 

Sma'; ^w^ 3 rASSTTi ^ iner ' " S 35 nitr09ea The reSUUin9 SUPP ° r,ed t-sition met^MgTm. 
p.ex may be utH.zed w,th a hydrocarbyl alum.num cocatalyst as disclosed previously with other Ti/Mg complexes, added 
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to the first or both reactors. If hydrocarbyl aluminum cocatalysts are added to both reactors, they may be the same or 
different. Various catalysts of this type and methods of preparing them are described in U.S. Patent Nos. 4,481 ,301 and 
4,562,169, the entire disclosures of which are incorporated herein by reference. 

Also suitable in carrying out the process of this invention are catalysts prepared by pre-treating a dried magnesium 
oxide (MgO) support with an organic acid. e.g. 2-ethoxybenzoic acid, and contacting the resulting pre-treated support 
material with a titanium compound which is the reaction product of titanium tetrachloride and an alkanol having 5 to 12 
carbon atoms. The material is then treated with a hydrocarbylaluminum, e.g., tri-n-hexylaluminum to obtain the sup- 
ported catalyst, which may be utilized with additional amounts of a hydrocarbyl aluminum cocatalyst. e.g.. di-n-hexyla- 
luminum hydride (DIBAH). as described previously in connection with various Ti/Mg complexes, in practicing the 
process of this invention. The catalysts are described more fully in U.S. Patent No. 4,863,886. the entire disclosure of 
which is incorporated herein by reference. 

Another group of catalysts suitable for the process of this invention are those prepared by treating a magnesium 
oxide (MgO) support with an organic acid. e.g.. 2-ethyxybenzoic acid, acetic acid, or actanoic acid, reacting the treated 
support with titanium tetrachloride, and pre-reducing the catalyst with an aluminum alkyl, e.g.. triethylaluminum, tri-n- 
hexylaluminum, diisobutylaluminum hydride, or trimethylaluminum. During polymerization, a cocatalyst is used which 
may also be an aluminum alkyl such as any of those in the foregoing list of pre-reducing agents. 

The amount of cocatalyst utilized in the Ziegler-Natta catalyst employed in the process of this invention whether for 
pre-reduction or activation of the catalyst prior to polymerization or added to the first reactor or both, is generally in the 
range, for example, of about 2 to 100 gram atoms of cocatalyst metal, e.g., aluminum, per gram atom of transition metal, 
e.g. titanium, preferably about 5 to 50 gram atoms of cocatalyst metal per gram atom of transition metal. Any amount 
of cocatalyst added to the second reactor is not included in the foregoing ranges. However, it is preferred that additional 
cocatalyst be fed to the second reactor to increase catalyst activity. 

Referring now to the drawing, catalyst component containing transition metal, e.g. titanium, is fed into first reactor 
1 through line 2. Ethylene, comonomer. e.g.. n-hexene, if used, hydrogen, if used, inert gas such as nitrogen, if used, 
and cocatalyst. e.g. triethylaluminum (TEAL), are fed through line 3 into recycle line 4 where they are combined with 
recycle gas and fed into the bottom of reactor 1 . The gas velocity is high enough and the size and density of the parti- 
cles in reactor 1 are such as to form a fluidized or dense bed 5 comprising catalyst particles associated with polymer 
formed by the polymerization of ethylene and, if present, comonomer within reactor 1 The conditions in reactor 1 , e.g. 
partial pressure of ethylene, hydrogen/ethylene molar ratio, temperature, total pressure, etc. are controlled such that the 
polymer which forms is of relatively high molecular weight (HMW). Recycle gas leaving the top of reactor 1 through line 
4 is recompressed in compressor 6, cooled in heat exchanger 7 after passing through valve 8 and are fed to the bottom 
of reactor 1 after being optionally combined with make-up gases and cocatalyst from line 3 as described. 

Periodically, when sufficient HMW polymer has formed in reactor 1, the polymer and catalyst 1 are transferred to 
discharge tank 9 by opening valve 10 while valves 1 1. 12 and 13 remain closed. When an amount of the HMW polymer 
and catalyst from reactor 1 which is desired to be transferred has been fed to discharge tank 9, the transfer system to 
second reactor 14 is activated by opening valve 13 to force the HMW polymer and catalyst into transfer hose 15. Valve 
13 is then closed to isolate transfer hose 15 from discharge tank 9 and valve 11 is opened, ensuring that any gases 
leaking through valve 13 are vented and do not back-leak across valve 10 into reactor 1 . Transfer hose 1 5 is then pres- 
surized with reactor-cycle gas from reactor 14 by opening valve 16. To minimize upsets in reactor 14, surge vessel 17 
is used to store gas for pressuring transfer hose 15. With valve 16 still in the open position, valve 18 is opened to convey 
HMW polymer and catalyst into reactor 14. Both valves 16 and 18 are left open for a period to sweep transfer hose 15. 
Valves 18 and 16 are then closed sequentially. Transfer hose 15 is then vented by opening valve 13. valve 11 having 
remained open during the transfer operation. Discharge tank 9 is then purged with purified nitrogen through line 18A by 
opening valve 12. 

During the transfer, cycle gas comprising hydrocarbons and hydrogen leaves reactor 14 through line 19. is com- 
pressed by compressor 20. flows through valves 21, 22 and 23 in line 24 and through surge tank 17, valve 16 and pres- 
surized transfer hose 15 as described, thus effecting the transfer of HMW polymer and catalyst to reactor 14. 

After the transfer to reactor 14 is effected, the flow of gas from reactor 14 to transfer hose 15 is stopped by closing 
valves 21, 22, 23 and 16. Ethylene, hydrogen, comonomer, e.g., n-hexene, if used, inert gas such as nitrogen, if used, 
and cocatalyst or catalyst component, if used. e.g.. TEAL, are fed to reactor 14 through line 25 after being combined 
with unreacted cycle gas leaving the top of reactor 14 through line 19 which is compressed in compressor 20, cooled 
in heat exchanger 26 and enters the bottom of reactor 14 through line 27. The gas velocity and size and density of the 
particles in reactor 14 are such as to form fluidized or dense bed 28 of bimodal polymer particles associated with the 
catalyst, including the transition metal primary catalyst component added to reactor 1. The conditions in reactor 14, 
e.g.. partial pressure of ethylene, hydrogen/ethylene ratio and temperature, are controlled such that a relatively low 
molecular weight (LMW) polymer forms primarily within the voids of the HMW polymer/catalyst particles transferred 
from reactor 1 . After a sufficient amount of LMW polymer has formed resulting in a bimodal polymer having a desirable 
molecular weight distribution and c£her properties, the polymer is transferred to discharge tank 29 by opening valve 30 
while keeping valve 31 closed. After substantially all the polymer has been transferred to discharge tank 29, it is col- 
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lected by closing valve 30 and opening valve 3 1 , resulting in the pressure discharge of the final polymer product through 
line 32. 

The following Examples illustrate the invention. 
Example 1 

A catalyst was prepared by reacting MgCI 2 , tetrahydrofuran (THF) and TiCI 3 .0.33 AICI 3 . adding the-resulting com- 
plex to dehydrated silica treated with sufficient triethylaluminum to react with the OH groups in the silica but not enough 
to function significantly as partial activator or cocatalyst. drying the resulting silica supported catalyst precursor and pre- 
reducing or partially activating the supported precursor with tri-n-hexylaluminum. as cocatalyst. The procedure used to 
prepare the catalyst was substantially that of Example 4 of U.S. Patent No. 4,888,318 except that the partial activation 
of the supported magnesium and titanium precursor was carried out with tri-n-hexylaluminum alone as partial activator 
rather than the latter together with diethylaluminum chloride as shown in the patent. The free flowing catalyst powder 
[M-I(V)] contained the following weight precentages of components: Ti, 1 .07; Mg, 1 .7; CI, 7.5; THF, 14.3; and Al, 1 .98 

Using the foregoing partially activated catalyst, a gas phase, fluidized bed polymerization process was carried out 
using two reactors operating in the tandem mode as shown in the drawing. The process included the feeding of n-hex- 
ene as comonomer to reactor 1 (but not reactor 14) and triethylaluminum (TEAL) as cocatalyst to both reactors. Nitro- 
gen was used to control the total pressure in both reactors at about 300 psig. Averages of other conditions in both 
reactors, which were controlled to.produce a bimodal polymer suitable for being blow molded into bottles intended for 
household industrial chemicals (HIC). are shown in Table II. wherein "PC 2 =" is the partial pressure of the ethylene, 
"H 2 /C 2 " is the molar ratio of hydrogen to ethylene, and "C 6 /C 2 " is the molar ratio of n-hexene to ethylene with the gas 
phase. 



Table II 





Reactor 1 (HMW) 


Reactor 14(LMW) 


Temp. CC) 


84.3 


104.9 


PC 2 = (psi) 


41 (283 kPa) 


98 (676 kPa) 




0.049 


1.26 


c 6 /c 2 


0.032 


0.0 


TEAL (ppmw) 


234 


160 


Throughput (Ib/hr) 


31 (14kg/hr) j 


55 (25 kg/hr) 


Resid. Time (hrs) 


3.9 


3.4 


Cat. feed (g/hr) 


6.7-7.2 


. o.o 



The HMW polymer leaving reactor 1 was found by direct measurement to have a flow index (Fl or l 21 ) of 0 79 g/10 
min. and a density of 0.930 g/cc while the LMW polymer produced in reactor 14 was calculated from a single reactor 
model to have a melt index (Ml or l 2 ) of 135 g/10 min. and a density of 0.972 g/cc. 

The granular bimodal polymer obtained from reactor 14 had a flow index of 38 g/10 min.. a density of 0.952 g/cc, a 
fines content (defined as particles which pass through a 120 mesh screen) of 1.3 wt.%. a settled bulk density (SBD) of 
27 lb/ft (432 kg/m ) and an average particle size (APS) of 0.027 inch (0.7 mm). It was obtained from reactor 14 at a 
productivity of 3200 lb/lb or 14.3 x 10 6 g/g-atom Ti based on the weight of partially activated catalyst utilized in the reac- 
tion as determined by residual metal analysis, and had a fraction of HMW component (X,) of 0.56. 

Using standard procedures, the granular bimodal polymer was formed into pellets which had the following proper- 
ties: Fl, 28 g/10 min.; melt flow ratio (MFR, the ratio of Fl to Ml). 71; density 0.953 g/cc; heterogeneity index (HI. the 
ratio of Fl of granular to pelleted resin). 1 .37; and a relatively low gel content. The relatively low value of heterogeneity 
index indicates a fairly high degree of inter-particle homogeneity probably caused by substantial blending of HMW and 
LMW polymer in each resin particle. 

Using a Kautex blow molder. the pelleted resin was formed into a 16 oz. (0.45 kg) ASTM bottle which had a weight 
of 24.7 g and exhibited a diameter swell of 2.02 in (51 mm). The bottle was used for the pressurized environmental 
stress cracking resistance test (ESCR, ASTM D-1693) under the following conditions: 10 psi (69 kPa), 1/4 filled 10% 
Igepal nonionic surfactant. 60°f>The bottle had a pressurized ESCR of 406 (F 50 , hr.) and a top load strength 7 66 lb 
(3.5 kg). 
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Example 2 

The procedure of Example 1 was followed using slightly different process conditions as shown in Table III. 

Table III 



15 





Reactor 1 (HMW) 


Reactor 14(LMW) 


Temp. (°C) 


80.0 


105.0 


PC 2 ° (psi) 


32.0 (220 kPa) 


94.7 (653 kPa) 


H 2 /C 2 ratio 


0.032 


1.07 


C 6 /C 2 ratio 


0.032 


0.0 


TEAL (ppmw) 


345 


138 


Throughput (Ib/hr) 


23(10kg/hr) 


64 (29 kg/hr) 


Resid. Time (hrs) 


4.0 


3.1 


Cat. feed (g/hr) 


9.7 


0.0 



20 



The HMW polymer produced in reactor 1 had an Fl of 0.57 g/10 min and a density of 0.927 g/cc, and the LMW 
polymer produced in reactor 14 was determined by backaveraging to have an Ml of 81 g/10 min. and a density of 0.976 
25 g/cc. The properties of the bimodal resin obtained from reactor 14 in both granular and pelleted form are shown in Table 



30 



IV. 



Table IV 

Granular Pelleted 
FI (g/10 min) 41*4 FI, g/10 min. 26 



35 



40 



Density (g/oc) 0.956 MFR 98 

(432 kg/m 3 ) 
SBD (lb/ft )/27 Density, g/cc 0.955 

(0 . 6mm) 

APS (inch) 0.028/HI 1.59 



45 



Productivity 
(lb/ lb solid cat) 3000 



50 



Productivity 
(g/g atcm Ti) 13.4 x 10 6 



55 Bottles (ASTM, 16 oz) blow molded from the pelleted resin had the properties shown in Table V. || 
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Table V 

Weight (g) 26.3 

Diameter Swell (inches) 2.12 (54 mm) 

ESCR, Fsq (hr) 406 

Top Load (lb) 8.12 (3.7 kg) 



10 



15 



20 



25 



30 



The properties of the bottles blow molded from the bimodal resin produced in Examples 1 and 2 is allow for th» nm 
duction of th.nner bottles and/or blending with recycle resin while still achieving speS " 

Example 3 

trnllI h ,l P ^o 2ati T, PrC f v 1 ? ° f EXampleS 1 and 2 W3S ,0 " 0wed that the Editions of reaction were con- 
trolled to produce a relatively h,gh molecular weight, high density film resin. Such conditions are shown in Table V? 

Table VI 



35 





Reactor 1 


Reactor 14 


Temp. CO 


80.0 


104.9 


PC 2 = (psi) 


36 (248 kPa) 


105 (724 kPa) 


H 2 /C 2 ratio 


0.023 


1.72 


Cq/Q 2 ratio 


0.027 


0.024 


TEAL (ppmw) 


382 


240 


Throughput (Ib/hr) 


27(12kg/hr) 


43 (20 kg/hr) 


Resid. Time (hrs) 


3.8 


4.8 


Cat. feed (g/hr) 


7.7 


0.0 



umor T ^ M ^ P ° ,ym l r Pr °^ UCed iP reaCl ° r 1 h3d an Fl 0f 0 35 9 /1 0 min - and a density of 0.955 g/cc and the LMW ool- 

« JSLEESf rea M ' 'IT 5 Ca,CU ' ated 10 h9Ve an M ' ° f 427 min and a d *ns«y of 0.963 X The p^Ss 
io of the bimodal res.n obtained from reactor 1 4 are shown in Table VII. properties 



45 



50 



55 



10 



20 



25 
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Table VII 
Granular 



Fl(g/10mia)5.04 
Density (g/cc) 0.945 
Fines (wt.%) 0.7 
SBD (lb/ft 3 ) 25.0 (400 kg/m 3 ) 
APS (inch) 0.027 (0.7 mm) 
Productivity (lb/lb solid cat.) 2730 
Productivity (g/g atom Ti) 12.2 x 10 6 
15 X) 0.62 



Pelleted 



Fl(g/10min.) 4.1 
MFR67 

Density (g/cc) 0.945 
HI 1.23 

Gels Moderate 



The bimodal resin could be formed with good processability into films of superior mechanical properties. 
30 Example 4 

The catalyst utilized in this example was similar to that employed in Examples 1 to 3 except that the sJHca-sup- 
portL TiSg cClexls not pre-reduced or partially activated with tri-n-hexylaluminum. The catalyst conta-ned 1.13 
wto/ Ti 1 qs wt%Ma 8 22 wt% CI. 15.4 wt.% THF, and 1.41 wt.% Al. 

polynTeritaton procedure of Examples 1 to 3 was generally followed using the specttc press condit.ons shown 



35 

in Table VIII 



40 



45 



Table VTII 
Reactor 1 Reactor 14 

Term (°C\ 75 105 

™ # K 9 + 5 (379 kPa±34)85 + 7 (586 kPa±A8) 

PC (psi) 55 + - 0>005 2mQ +0 .1 

H Jc ratio 0.025 - 0Q4 0-033 +- 0 . 0 O3 

Ct/Ct ratio 0.034 - 

TEAL (FR4W) 280 HO 



50 



55 



Throughput (lb/hr) 28 (13 kg/hr) 51 (23 kg/hr) 

Pesid. Tine (hrs) 2.8 3 - 4 
cat. feed (g/hr) 8.5 °-° 



Properties of the HMW polymer produced in reactor 1 were as shown in Table IX. 



EP 0 778 289 A1 



Table IX 

5 Fl (g/10 min) 0.35 -0.45 

Density (g/cc) 0.929 - 0.931 
SBD (lb/ft 3 ) 18(288 kg/m 3 ) 
Fines (wt.%) 1.9 

10 APS (inch) 0.023 (0.6 mm) 

Productivity (lb/lb solid cat.) 1500 
Productivity (g/g atom Ti) 6.7 x 10 6 



75 



Properties of the bimoda, resin obtained from reactor 14, either granular or after pelleti.ation, are shown in Table X. 

20 Table X 

Granular 
SBD (lb/ft 3 ) 24 (384 kg/m 3 ) 
Fines (wt.%) 1.9 
APS (inch) 0.026 (0.7 mm) 
Productivity (lb/lb solid cat) 3300 
Producti vity (g/g atom Ti) 14.8 x 10 6 
~~ Pelleted 



25 



30 



35 



Fl (g/10 min) 5 -8.5 
Density (g/cc) 0.944 - 0.946 
MFR95- 105 



40 



- Having a 

this invention, whereas prereduction of ^XJ^^r^^^l^^^^ ^ pr0C6SS °' 
the .eve. of SBD when the catalyst is used in a sing.^ ^ * ^ 



Example 5 



45 



55 



A catalyst was prepared as follows: 314.5 grams of Davison 955 (Trarta Marut « a •.• 
600°C for 12 hours, was transferred into a d nJ+ •» !°" 955 (Trade Mark > £>rade silica, previously calcined at 

slow nitrogen purge ThX^^Zt 1 1 "J^"*? ^ fitt6d with an overhead s,i ™ a " d ""der a 
dibutylmagneLr M 02 *m£ slt^uZ^ l^T^ about 1200 ml of dr * hexane and 1 89 ml of 
hour, after which 2 . 7 ml of ^SSZ^^i^ TI J ** M * o1 ,he f,ask ™* *>r about one 
hour, the solvents were removed Zap ^Z^T^T^ ?S "* °' dry h6Xane ' Were added Mer *~» ° ne 
f-owing powder. Analysis: Mri sVwl^ 

tandem reactors invention, such cata.yst 
luidized bed reactor having a ( ! M 1 SS5 ^ ^ UMd 3 Pi ' 0t P ' ant 935 phaSe 
. -sure of 350 psig. an ethylene P a2? P r e lTo< 83 p^S 2 EHEc iT*? 'TT'r 0 ' ^ 3 ,0,a ' 
c 0.037, a use of trimethylaluminum (TMA) cocataLt i ?an amounf of Tftn £ °'° 8 ' 3 ^ m0,ar ratio 

. top, «**™' - «- »» an LMW «„„ a^nSU™ -in, a «. M. 
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of 200 g/10 min. and a density of 0.974 g/cc using a twin-screw Brabender extruder to obtain a blend having HMW and 
LMW fractions of 0.5, an Ml of 0.32 g/10 min. an Fl of 36 g/10 min., an MFR of 112 and a density of 0.957 g/cc. With 
regard to blow molding properties the blend has an annular die swell (ADS)-weight of 0.69 g/inch (0.27 g/cm) an ADS- 
diameter of 2.12 in (54 mn), and a relatively low melt fracture roughness of 100 microinches (2.5 microns). 
5 The foregoing data indicates that the catalyst of this example is suitable for use in the tandem gas phase process 

of this invention to produce a bimodal resin having satisfactory properties for blow molding applications. 

Example 6 

to A catalyst was prepared as follows: 255.9 grams of Davison 955-600 (Trade Mark) silica were transferred into a 4- 
neck 3-liter round-bottom flask fitted with an overhead stirrer kept under a slow purge of nitrogen. Dry heptane in an 
amount of 1200 ml was added to the flask which was placed into an oil bath set at 60-65°C. Then, 181 ml of a 1 .02 
Molar solution of di-n-butylmagnesium (DBM) in heptane were added dropwise using an addition funnel. After 90 min- 
utes, 30.5 ml of titanium tetrachloride diluted in about 100 ml of heptane were added to the silica/DBM slurry and stirred 

i5 for 10 minutes. The heptane was removed by evaporation with a strong nitrogen purge for 6 hours and 286 grams of 
brown, free-flowing catalyst powder were recovered which analyzed as follows: Mg = 1 .6 wt. %, Ti = 3.27 wt.%, and CI 
= 9.97 wt.%. 

The HMW polymerization procedure of Example 5 was followed under the following specific conditions: the ethyl- 
ene partial pressure was 72.6 psi (501 kPa), the H 2 /C 2 ratio was 0.09. the C$/C 2 ratio was 0.039, the cocatalyst was 
20 diisobutylaluminum hydride (DIBAH) in an amount of 330 ppmw, and the productivity was 2200 lb/lb solid catalyst to 
produce an HMW copolymer having an Fl of 1 .5 g/10 min., an FR of 16 g/10 min, and a density of 0.938 g/cc. 

The foregoing HMW copolymer was melt-blended as described in Example 5 with an LMW ethylene homopolymer 
having an Ml of 86 g/10 min. and a density of 0.977 g/cc to produce a bimodal polymer blend having HMW and LMW 
fractions of 0.5. an Ml of 0.32 g/10 min., an Fl of 32 g/10 min. an MFR of 100 and a density of 0.955 g/cc. On blow mold- 
25 ing this blend, it exhibited an ADS-weight of 0.67, an ADS-diameter of 2.06 inch (52 mm), and a low melt fracture rough- 
ness. 

The results of this example indicates that catalysts based on silica, di-n-butylmagnesium and titanium tetrachloride 
with DIBAH as a cocatalyst are suitable for use in the process of this invention to produce superior blow molding resins 
at relatively high overall productivities. Similar results could be obtained with triisobutylaluminum (TIBA) as a cocatalyst 
30 with the described primary catalyst. 

Example 7 

The catalyst was prepared as follows: In part A of the preparation. 289.5 grams of Davison 955-800 (Trade Mark) 
35 silica having a nominal average particle size of 50 microns were transferred into a 4-neck 3-liter round bottom flask fitted 
with an overhead stirrer and under a slow purge of nitrogen. About 1500 ml of dry tetrahydrofuran (THF) were added to 
the flask which was placed into an oil bath set at 60-65°C. Next 184 ml of a 2.0 Molar solution of ethylmagnesium chlo- 
ride in THF was added dropwise Using an addition funnel to the silica/THF slurry. After 10 minutes, the THF was 
removed by distillation to yield a white free flowing powder. The powder was dried for 16 hours under a slow nitrogen 
40 purge with the oil bath set at 80-85°C, and, except for 2 grams which were removed from the flask, constitute the part 
A product. The powder was found to contain 6.0 wt.% of THF. 

In part B of the preparation, 1500 mis of heptane as received was placed into a 3-liter round bottom flask, and 162 
ml of neat titanium tetrachloride was added dropwise to the heptane using an addition funnel. This solution was then 
siphoned into the part A product. The slurry was stirred for 1 .5 hours with the oil bath at 80-85*C after which the silica 
45 was allowed to settle and the reaction solution was decanted through a gas dispersion tube under a slight nitrogen pres- 
sure. The silica was then washed six times with about 1500 mis of dry hexane. After the last wash, the silica was dried 
with a nitrogen purge to yield 370 grams of a very light tan catalyst precursor. Analysis: Mg = 2.52 wt.%, Ti = 3.36 wt.% 
THF = 3.2 wt.%. 

The foregoing catalyst was used to carry out a two stage, HMW first, gas phase f luidized bed process in the tande i 
so mode as illustrated in the drawing and similar to that described in Example 1, under conditions such as to produc a 
superior high molecular weight, high density ethylene polymer film resin. As cocatalyst, triethylaluminum (TEAL) as 
fed to the first (HMW) reactor and trimethylaluminum (TMA) to the second (LMW) reactor. Ranges of reaction cond* jns 
employed are shown in Table XI. 

cc 
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Table XI 



c 

o 




Reactor 1 (HMW) 


Reactor 14 (LMW) 




Temp. CO) 


75-80 


95-105 




PC 2 * (psi) 


40-60 (276-414 kPa) 


85-105 (586-724 kPa) 




H2/C2 ratio 


0.030-0.040 


1.9-2.2 


10 


C 6 /C 2 ratio 


0.025-0.040 


0.030-0.040 




TEAL (ppmw) 


250-300 


none 




TMA (ppmw) 


none 


80-110 


15 


Product (Ib/hr) 


26(12 kg/hr) 


24(11 kg/hr) 




Resid. Time (hrs) 


2.8 


3.2 




Cat. feed (g/hr) (precursor) 


6.7-7.2 


none 



20 



In addition to the conditions shown in Table XI thP rvrio »i ma w *k« ♦ 1 
55 Example 8 

0.25, based on an amused Ti conteTof S Tnkh J 2, ? ? ,emperature to 9^e an Al/Ti ratio of about 
45 temperature under flowing N 2 lZ f"nfeh ISiS?? pre " reduced ca,a| y st ^s then dried at room 

Al/Ti molar ratio of 0.28 and M^^SF"* * ^ ^ ^ ° 70% * and 1 0 0 % * a <* had 

loJ^eSSS 

w™^i;:; 0 ^« ,,uidized be ? reac,or had an Ft * w'SEL, FR * , , 5 

ing an Ml of 1 90 g/1 0 rrSn Z SJih of 0 979 SrT T ^ ^ an LMW 6thy,ene ^pol^er hav- 

. 0.5. an Ml of oJgnoL ^TS^Q ^ fn ^^Z* P °' ymer hav '^ 3 HMW fraction « 
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Example 9 



A catalyst was prepared as follows: A sample ot MgO support (Merck-Maghte D) (Trade Mark) was dried h a 500 
ml 3 nSflask under nUrogen at 250>C for 16 hours without stirring. 30.8 grams of this dry MgO support was then slur- 
hid in 2uC mf o? or hexa7e in a 500-ml 3-neck flask and refluxed for 16 hours with 1 .22 ml. of n-octano,c aad at 0.01 
rl^r rSo o the STo the MgO A dilute pentano. solution was prepared by adding 53.5 ml of pre-dned 1-pentano. 
^££&X£J2» in another flask. To avoid a rapid isotherm 54.4 ml of ^Jj^SS^SZ 

i^m^ 

s ^HMW poCeSnald melt blending procedures were used similar to those of Examples 5 6 and 8 under the 
of 300 DDmw* and productivity, 2300 lb/lb solid catalyst. 3 Wn/m 3x and 

mechanical properties. 
30 Example 10 

The following catalyst preparation was conducted under a nitrogen atmosphere by using Schlenk technique^ 
250 1 gramsT 955 60 (Trade Mark) silica (Davison 955 (Trade Mark) silica calcined at 600«C for 4 hours) was placed 
fn a 3 titer 4 necked flask equipped with a nitrogen inlet and a dropping funnel. The silica was slum* wrih 1 500 ml of 
35 dry heptane anote mixture was stirred with a mechanical stirrer. The slurry was then heated tc » ^ 
250 8 rnmotof dibutyl magnesium was added to the mixture over a 1 5 minute penod. After stirnng for 1 hour 330.7 m.l 
ti^le r 0 7i*on tetrachloride (CC 4 ) in 75 mis of heptane were added to the mixture^fter stirnng for an ^*°«M 
™JClo,es of TiCI 4 in 75 mis of heptane were added. The mixture was stirred or 

and then dried with flowing nitrogen for 7 hours to yield a free-flow,ng catalyst we,gh,ng 310 grams. Elemental analyse 

^'^S^PS^ was aSined. Production rate averaged 23 Ib/hr (10 kg/hr> which resulted .n an 
« ave age residence time of 3.0 hours. The HMW copolymer was a 0.41 Fl. 0.931 g/cc dens-ty produce wrih a J* of 18. 
TeSoing results indicate that the described catalyst is suitable for carrying out the gas phase, tandem reactor 
process of this invention. 

Claims 

50 1 . A process for producing a bimodal ethylene polymer blend which process comprises: 

contacting in a first gas phase, f luidized bed reaction zone under polymerization conditions a 0«eoiiiriw 
meTc composition composing a major proportion of ethylene and. ^^'^^^^ 
coordination catalyst comprising a transition metal compound as pnmary catalyst component and an , Drgano 
metallic impound or metal hydride as reducing coca.a.yst. the hydrogen/ethylene mola, -ratio ■ «*J 
being no higher than about 0.3 and the ethylene partial pressure being no h.gher than about 00 ps.a (690 
kPa) to produce a relatively high molecular weight (HMW) polymer associated wrih cata ys * f**^ 
transferring the HMW polymer associated with catalyst particles to a second gas phase. flu.d.zed bed reaction 
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zone into wh.ch is also fed hydrogen and a gaseous monomeric composition comprising a major proportion of 
ethylene, but no additional transition metal component of the catalyst, under polymerization conditions includ- 
ing a H 2 /C 2 ratio of at least about 0.9 and at least at out 8.0 times that in said first reaction zone and an ethyl- 

T^f ia ! Pr6SSUre ° f at ' eaSt 17 times ,hat in said ,irst reac,ion 20ne ' ,0 ^uce a low molecular weight 
(LMW) polymer deposited on and within the voids of the HMW polymer/catalyst particles, the resulting bimodal 
polymer blend obta.ned from the second reaction zone having a fraction of HMW polymer of at least about 

2. A process according to claim 1 wherein the monomeric composition fed to either or both reaction zones comprises 
a minor amount of a 1 -olefin containing 3 to 10 carbon atoms as comonomer. 

3. A process according to claim 1 wherein the 1 -olefin is 1 -hexene. 

4. A process according to any preceding claim wherein the monomeric composition entering the first reaction zone 
comprises ethylene and a comonomer, the molar ratio of comonomer to ethylene being from 0 005 to 0 7 and the 
monomeric composition entering the second reaction zone consists essentially of ethylene. 

5. A process according to any preceding claim wherein the H 2 /C 2 ratio in the first reaction zone is from 0.005 to 0 2 
and the H 2 /C 2 ratio in the second reaction zone is from 0.9 to 5.0. 

6. A process according to claim 5 wherein the H 2 /C 2 ratio in the second reaction zone is from 1 0 to 3 5 and is from 
1 0 to 200 times the H 2 /C 2 ratio in the first reaction zone. 

7. A process according to any preceding claim wherein the ethylene partial pressure in the first reaction zone is from 
1 5 to 100 psia (103 to 690 kPa). the ethylene partial pressure in the second reaction zone is from 25 to 1 70 psi (1 72 
to 1 170 kPa). and the ratto of ethylene partial pressure in the second reaction zone to that in the first reaction zone 
is from 1.7 to 7.0. 

8. A process according to claim 7 wherein the ethylene partial pressure in the first reaction zone is from 20 to 80 (138 
to 552 kPa) psia. the ethylene partial pressure in the second reaction zone is from 70 to 120 psia (483 to 327 kPa) 
and the ratio of ethylene partial pressure in the second reaction zone to that in the first reaction zone is from 2 0 to 

4.0. 

9. A process according to any preceding claim wherein the fraction of HMW polymer in the product obtained from the 
second reaction zone is from 0.35 to 0.75. 

10. A proess according to claim 9 wherein the fraction of HMW polymer is from 0.45 to 0.65. 

11 ' lo^u 65 ! according t0 P^eding claim wherein the temperature in the second reaction zone is at least about 
10 6 C higher than that in the first reaction zone. 

12. A process according to claim 1 1 wherein the temperature in the second reaction zone is from 30 to 60°C higher 
than that in the first reaction zone. 

13. A process according to any preceding claim wherein the transition metal of the catalyst is from Groups IVb Vb or 
Vlb of the periodic table. 

14. A process according to claim 13 wherein the transition metal is titanium. 

15. A process according to any preceding claim wherein the metal of the reducing cocatalyst is from Groups la lla or 
Ilia of the periodic table. 

16. A process according to claim 15 wherein the metal of the reducing cocatalyst is aluminum. 

17. A process according to any preceding claim wherein an additional amount of reducing cocatalyst is added to the 
second reaction zone. 
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